Purpose The purpose of this study was to evaluate the diagnostic performance and cost of screening thyroid ultrasonography (US) in an asymptomatic population and determine the US features of screening-detected thyroid cancer.
Introduction
Thyroid nodules occur very commonly and are diagnosed in 4% of adults by palpation, 67% by ultrasonography (US), and 50% by pathological examination at autopsy [1] [2] [3] . Recently, the introduction of high resolution US as a screening tool for thyroid cancer has made it possible to detect nodules less than 1 cm in size [4] [5] [6] . Moreover, the incidence of thyroid cancer has reportedly increased in different parts of the world over the past several decades [7] . Kilfoy et al. [7] found that the recent increase in thyroid cancer appears to be neither restricted to a particular region of the world nor influenced by the underlying rates of thyroid cancer. However, whether the increased incidence of thyroid cancer is real or a result of over-diagnosis from thyroid screening is still a matter of controversy. Some physicians have attributed this increase in incidence to increased detection of small cancers (< 1 cm in size) because of the increase in application of high-resolution US for screening [8, 9] . Davies and Welch [8] suggested that, despite the gradual increase in the incidence of thyroid cancer in the United States, cancer mortality rates have been stable over several decades because of early diagnosis of papillary microcarcinomas. However, other physicians have expressed the opposite opinion [10] [11] [12] . For example, Morris and Myssiorek [11] reported that the significant increase in the incidence of large cancers and cancers with clinically significant adverse pathological features was due not only to increased screening, but also to an actual increase in cancer incidence.
Reflecting the international trend, the incidence of thyroid cancer in South Korea has been increasing rapidly since the turn of the century. The rate of diagnosis of thyroid cancer in 2011 was 15 times that observed in 1993, and it is now the most commonly diagnosed type of cancer [13] . The government has provided national health insurance to 50 million citizens since the 1980s, including a national screening program for cancer. Although thyroid cancer screening has not been included in the program, many self-referred patients frequently choose to include US screening as an inexpensive add-on for about $100. Earlier in 2015, a few Korean physicians expressed concern regarding the over-diagnosis of thyroid cancer through screening programs [9] . They asserted that the incidence of thyroid cancer in South Korea had rapidly increased since the 20th century, and that this increase could be attributed to the increased detection of papillary thyroid cancer because of the screening efforts. To address the necessity of guidelines for thyroid cancer screening, the Korean Medical Association recently appointed a multidisciplinary expert committee that conducted a meta-analysis toward this purpose [14] . However, the current evidence was insufficient to assess the balance of advantages and disadvantages of screening US for thyroid cancer, and the committee could not propose a definite standard for the thyroid screening program. As a result, the role of screening thyroid US still remains controversial, and there have been very few studies investigating the screening of thyroid cancer in a medical setting to date [15, 16] .
The social costs and cost-benefits of screening thyroid US have also initiated another important debate. Specifically, some physicians have expressed concern regarding the increasing costs of unnecessary examination or surgery because of screening-detected small cancers [5, 6, 17] . This topic, too, remains controversial and has not been evaluated in previous studies to the best of our knowledge. Therefore, the purpose of this study was to evaluate the diagnostic performance and cost-analysis of screening thyroid US in the medical screening center of our hospital and determine the US features of screening-detected thyroid cancer.
Materials and Methods

Patients
This retrospective study was approved by the institutional review board of our institution, and the necessity for informed patient consent for research was waived. Informed consent was obtained from all patients prior to US-guided fine-needle aspiration biopsy. A total of 1,923 consecutive asymptomatic and self-referred subjects underwent screening thyroid US at the medical screening center of our hospital between March and August 2012, of whom, 1,845 were included in this study. We excluded 18 patients with a history of thyroid surgery as well as 60 patients who were diagnosed with thyroid nodules on screening US but had an insufficient follow-up period (< 1 year). The mean follow-up duration was 495 days (range, 365 to 730 days) in cases in which nodules were detected in the initial screening US.
US imaging and US-guided fine-needle aspiration
Thyroid US examination was performed by one of two board-certified radiologists at the medical screening center of our hospital using high-resolution US equipment (LOGIQ 7 and LOGIQ E9, GE Healthcare, Milwaukee, WI and IU 22, Philips Ultrasound, Bothell, WA) with a 5-12 MHz linear transducer. According to the Consensus Statement and Recommendation of the Korean Society of Thyroid Radiology (KSThR), thyroid nodules were categorized into three groups according to their ultrasonographic features, suspicious malignant, probably benign, and indeterminate nodules (Table 1) [18] . Suspicious nodules were defined by the presence of at least one of five suspicious findings (taller-thanwide shape, spiculated margin, marked hypoechogenicity, or micro/macrocalcifications). In contrast, simple cysts or cystic (> 90% of the cystic portion) or predominantly cystic (> 50% of the cystic portion and ! 90% of the cystic portion) nodules with reverberating artifacts and spongiform nodules were defined as probably benign. An indeterminate nodule was defined when a nodule was not classifiable as probably benign or malignant. After screening US, patients with suspicious malignant nodules, indeterminate nodules > 1 cm in size, probably benign nodules > 2 cm in size (except simple cysts), or nodules exhibiting growth (20% increase in nodule diameter, with a minimum increase of at least 2 mm in two or more dimensions) on follow-up US examinations were referred to the department of radiology. One of four subspecialty-trained thyroid radiologists with at least 2 years of thyroid imaging experience performed US-guided fine-needle aspiration (FNA) according to the indications of the consensus statement of KSThR (Table 1) [18] . Using a 23-gauge nee-dle attached to a 5-mL syringe, numerous multi-directional passes were performed through the nodule for successful sampling. The specimens were preserved in bottles with 95% ethanol for liquid-base cytological examination. Cytopathological reports of FNA were prepared according to the Bethesda system [19] . Repeat FNA was conducted when the cytological findings of nodules were found to be non-diagnostic (ND) or atypia of undetermined significance or follicular lesions of undetermined significance (AUS/FLUS). Repeat FNA or surgical excision was performed when the cytology was reported to be either follicular neoplasm (FN) or suspicious for FN.
Imaging analysis, reference standards, and statistical analysis
The US features of the nodules were retrospectively reviewed in consensus by four subspecialty-trained thyroid radiologists with 4-10 years of experience. The size, composition, margin, calcification, axis, and echogenicity of each lesion were described based on US findings. In cases in which US findings revealed multiple nodules, the most suspicious nodule was selected for further evaluation. In addition, when US findings revealed multiple similar probably benign or indeterminate nodules, the largest one was selected. The US features of screening-detected thyroid cancer were then compared with those of benign nodules.
The proportion of subjects with malignancy was calculated according to their sex and age. The diagnostic performance (sensitivity, specificity, and positive and negative predictive values) of screening thyroid US for malignancy was then determined.
All patients with thyroid nodules identified by screening US underwent US-guided FNA or received adequate followup for at least 1 year. In cases of malignancies, surgical excision was performed by one of two surgeons with 30 and 10 years of thyroid surgery experience. The specimens from FNA and surgical excision were analyzed by a thyroid pathologist with 15 years of experience.
All statistical analyses were conducted using the commercially available software SPSS ver. 17.0 (SPSS Inc., Chicago, IL). Categorical variables were compared using chi-squared or Fisher exact tests, and continuous variables were compared using the Student's t test. A p-value < 0.05 was considered to indicate statistical significance.
Results
A total of 1,845 subjects were included in this study (Fig. 1) , including 1,207 women and 638 men. The mean age of the subjects was 48.7 years (range, 19 to 85 years). Among the subjects, 661 (35.8%) exhibited no evidence of thyroid nodule, while 1,184 (64.2%) were found to have single/multiple thyroid nodules upon screening US. Diffuse thyroiditis was observed in 131 of 1,845 subjects on thyroid US (7.0%). Of the 1,184 subjects with nodules, 1,051 (88.8%) had probably benign nodules, 101 (8.5%) had indeterminate nodules, and 32 (2.7%) had suspicious malignant nodules. All 111 patients with suspicious malignant nodules (n=32), indeterminate nodules > 1 cm (n=60), or probably benign nodules that exhibited growth on follow-up examinations (n=19) underwent US-guided FNA at the department of radiology (Figs. 2 and 3) . A total of 1,073 patients, including 41 with indeterminate nodules and 1,032 with probably benign nodules, achieved sufficient follow-up duration and exhibited no significant changes in follow-up US examinations. The cytopathological findings of the FNA specimens were as folJeongin Yoo, Diagnostic Performance of Screening Thyroid US Presence of at least one of the findings for malignancy indicates a suspicious malignant nodule. Axial and longitudinal ultrasonography images show a hypoechoic nodule with a taller-than-wide axis, ill-defined margin, and multiple hyperechoic foci suggesting micro/macrocalcifications (arrows). Upon ultrasonography-guided fine needle aspiration and pathological evaluation, the nodule was revealed to be a papillary thyroid carcinoma. The patient underwent total thyroidectomy, and the final diagnosis was papillary thyroid carcinoma.
A B lows ( Fig. 1 Values are presented as number (%) unless otherwise indicated. US, ultrasonography; SD, standard deviation. . Upon US-guided fine needle aspiration and pathological evaluation, the nodule was found to be suspicious for follicular neoplasm. The patient underwent total thyroidectomy, and the final diagnosis was minimally invasive follicular carcinoma (R-minor-2).
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women or men (p=0.511). There were also no statistically significant differences in the rate of malignancy between women and men (p=0.925). The US features of screeningdetected thyroid cancer were analyzed with respect to composition, echogenicity, margin, axis, calcification, and size. In contrast to benign nodules, malignant nodules tended to be solid, ill-defined or speculated, taller than wide, and calcified. These differences in US features between malignant and benign nodules were statistically significant. There were no significant differences in echogenicity and size between benign and malignant nodules ( Table 2 ). The prevalence of thyroid incidentalomas, defined as benign or malignant thyroid nodules discovered upon screening US, was 64.2% (1,184/1,845). The rate of malignancy, defined as the number of cancers per number of incidentalomas, was 2.4% (29/1,184). The rate of cancer detection, defined as the number of cancers per total number of US examinations, was 1.6% (15.7 cancer patients per 1,000 exams; 29/1,845). Of the 32 patients with suspicious malignant nodules upon initial screening US, 18 were pathologically diagnosed with cancer and 14 with benign nodules. All 1,051 patients diagnosed with probably benign nodules upon initial screening US were finally confirmed as having benign nodules by biopsy (n=19) or stable nodules upon follow-up US (n=1,032). The sensitivity, specificity, and positive and negative predictive values of screening thyroid US were 100% (18/18), 98.7% (1,051/1,065), 56.3% (18/32), and 100% (1,051/1,051), respectively.
Of the 29 patients with a pathological diagnosis of malignancy, 18 underwent surgery at our hospital and 11 were transferred to other hospitals. Thirteen nodules in these patients were < 1 cm in size, and the mean size of the nodules was 8.6 mm (range, 5 to 37 mm). According to the final pathological results, 17 patients had papillary thyroid cancer and one had follicular carcinoma. In terms of pathological tumor staging, three patients exhibited T3 (16.7%), one exhibited T2 (5.6%), and 14 exhibited T1 (77.8%) stages of cancer. In terms of nodal stating, four patients exhibited N1a (22.2%), 12 exhibited N0 (66.7%), and two exhibited Nx (11.1%) stages of cancer. Among the operative patients, 14 (77.8%) exhibited thyroid microcarcinoma, which was defined by nodules with longitudinal diameters < 10 mm. Of the 14 patients, three and two patients exhibited N1a (21.4%) and T3 (14.3%) stages of cancer, respectively.
The presumed costs of screening thyroid US and US-guided FNA (including the cost of cytopathological interpretation) in South Korea are $100 and $250, respectively. The total costs for US and FNA in this study were $184,500 ($100#1,845) and $27,750 ($250#111), respectively. The estimated average cost per patient for the diagnosis of cancer in this study was $7,319 [($184,500+$27,750)/29].
Discussion
In the present study, screening thyroid US revealed no significant differences in the rate of malignancy of thyroid nodules among patients according to age or sex, which is similar to the results of previous screening studies [15, 16] . The incidence of thyroid cancer is known to be relatively high among women, and age is an important prognostic factor of mortality in patients with thyroid cancer [16, 20] . The discrepancy between these facts and our findings may be explained by the fact that the population screened in the present study, which mainly comprised self-referred subjects of higher economic status than the general population, might not be representative of the general population. In addition, screening US exhibited good diagnostic performance, and the US features of screening-detected thyroid cancer were found to be significantly different from those of benign nodules and concordant with those reported in previous studies [15] . The significant US findings of screening-detected cancer observed in the present study were similar to those specified by the Korean and American guidelines on malignant US features for thyroid nodules [18, 21] .
The prevalence of thyroid incidentalomas in the present study (64.2%) is similar to that reported by Russ et al. [22] , who found that 70%-83% of the general population exhibited small thyroid nodules detectable with US. The rate of malignancy observed in our study (2.4%) was slightly lower than those reported in previous studies [16, 20, 23] . This discrepancy might be attributable to differences in the inclusion criteria of thyroid incidentaloma and the indications for US-guided FNA among studies. In the present study, we included all thyroid nodules identified by US, regardless of size, and US-guided FNA was performed when essential according to the KSThR guidelines [18] . In addition, the incidence of diffuse thyroiditis on thyroid US in this study was 7%. It is occasionally difficult to differentiate diffuse thyroiditis and nodules on thyroid US. In a previous reference, Kim et al. [24] reported that real-time US performed by an experienced radiologist was useful to differentiate patients with asymptomatic diffuse thyroid disease from those with normal thyroid. As is the case of the normal parenchyma, differentiation of thyroid nodules from thyroiditis would not be difficult for an experienced radiologist. In the present study, thyroid US examination and image analysis for all subjects was achieved by experienced radiologists; therefore, the results of this study are reliable.
The rate of cancer detection in this study, which was defined as the total number of screening-detected cancers per total number of screening US examinations, was 1.6% (15.7 thyroid cancers detected per 1,000 examinations). Previous studies involving medical screening of populations have reported 0.95-2.9% rates of detection of thyroid cancer [15, 16] . We predicted the approximate cost of thyroid US and US-guided FNA in South Korea to be $184,500 ($100#1,845) and $27,750 ($250#111), respectively, which implies that an average sum of $7,319 [($184,500+$27,750)/29] was paid for each case of cancer diagnosis. To the best of our knowledge, there is no previous reference of social cost and cost-analysis of screening-detected thyroid cancer in the literature. The Government of South Korea provides National Health Insurance Service, which includes screening for several types of cancers, including stomach, large intestine, liver, and breast cancers. Although thyroid cancer is not included in this system, the number of thyroid US examinations has increased because of the demand for US screening by self-referred patients. With regard to breast cancer screening, the rate of detection of cancer during routine mammography was reported to range from 3.0 to 7.9 cases of cancer per 1,000 examinations [25, 26] . Upon comparison with the results of our study, it is evident that the rate of detection of cancer by thyroid screening US is 2-5 times higher than that obtained by screening mammography. The biological behavior and disease progression of these two types of cancers differ, with breast cancer having a worse prognosis than thyroid cancer, and the latter showing a relatively benign or indolent course of disease progression, especially in occult cases [27, 28] . In addition, there are a limited number of references regarding the cost-analysis of screening US relative to the decrease in mortality and morbidity rates. Thus, considering the indolent nature of thyroid cancer, we believe that long-term randomized controlled trials must be performed in the future to investigate the efficacy of screening thyroid US.
In the present study, 18 patients finally underwent thyroid surgery at our institution, 14 (77.8%) of whom had thyroid microcarcinoma, which was defined by nodules with longitudinal diameter < 10 mm. About 17% of operative patients and 14% of patients with microcarcinoma exhibited T3 stage cancer, with extrathyroidal extension and capsular invasion. Patients included in our study exhibited lower tumor and nodal pathological stages of cancer than those reported in a previous study [16, 29] . However, management of thyroid microcarcinoma is a controversial subject [16, 29, 30] , and the sample size of operative patients in the present study might be too small to arrive at a firm conclusion regarding the best management practice.
This study has several limitations, the first being the small sample size and retrospective nature of the study. In particular, the total number of cases of screening-detected cancer was smaller than the number of benign cases. However, according to the rate of malignancy reported in a previous study, our result is within the acceptable range [16, 20, 23] . Second, since US-guided FNA was selectively performed for indeterminate and probably benign nodules according to the KSThR guidelines, the diagnoses of the rest of the cases were not pathologically confirmed. The possibility of false-negative results in these cases cannot be excluded. However, patients were followed-up for an adequate period of at least 1 year to minimize the possibility of false-negative results. Third, our estimated social cost of screening thyroid US was evaluated based on the clinical setting in South Korea, and therefore might vary from that in other countries. As a result, the cost-analysis of screening thyroid US projected in our study cannot be generalized to the rest of the world. In addition, our purpose was to calculate the social cost of diagnosis of thyroid cancer in an asymptomatic population; therefore, we only analyzed the cost of diagnosis, while other parameters such as costs associated with surgeries or potential complications were not considered. Finally, the diagnostic performance of screening thyroid US for malignancies was calculated based on US findings. Because we evaluated thyroid cancers visualized on US images by radiologists, the diagnostic performance might be underestimated owing to undetected small cancers or cancers that were overlooked.
In conclusion, screening thyroid US exhibited a good diagnostic performance and demonstrated significant differences in US features between screening-detected cancer and benign nodules. Further prospective studies, including randomized controlled trials, must be conducted to evaluate the exact influence of screening thyroid US considering the indolent progression of the disease.
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